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Ceramic Electronic Device and Method of Manufacturing the Device 

Field of the Invention 

The present invention relates to a ceramic electronic device having a 
ceramic element and an external electrode on the ceramic element, and to a 
method of manufacturing the device. 

Background of the Invention 

A multi-layer ceramic capacitor will be explained as a known ceramic 
electronic device. 

Fig. 4 is a cross sectional view of a conventional multi-layer ceramic 
capacitor. The multi-layer ceramic capacitor 21 includes a ceramic element 
24 and external electrodes 29, 30 provided on both sides of the ceramic 
element 24. The ceramic element 24 is formed through sintering alternate 
layers of dielectric ceramic 22 and internal electrode 23. The external 
electrodes 29, 30 include respective external electrode bases 25, 26 connected 
to their corresponding internal electrodes 23, nickel-plating layers 27 joined 
to the external electrode bases 25, 26, and solder- or tin-plating layers 28, 
respectively. 

A method of manufacturing the conventional multi-layer ceramic 
capacitor 21 will be explained. 

First, the dielectric ceramics 22 and the internal electrode 23 are 
placed and bonded alternately one over the other, and sintered together at a 
high temperature, thus providing the ceramic element 24. 

Then, the ceramic element 24 has both sides to which a pattern of 
electrode paste is applied, and is sintered, thus providing the external 
electrode bases 25, 26. The material of the paste is identical to that of the 
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internal electrode 23 or its alloy. Then, the nickel-plating layer 27 for 
improving the operational reliability and the solder-friendly characteristics 
is provided on each of the external electrode bases 25, 26. The solder- or 
tin-plating layer 28 is provided on the nickel-plating layer 27, thus providing 
each of the external electrodes 29 and 30. Then, a multi-layer ceramic 
capacitor 21 is provided. 

The ceramic element 24 in the conventional multi-layer ceramic 
capacitor 21 may however be susceptible in its surface insulating properties 
to the environmental conditions. In particular, the insulating properties 
between the external electrodes 29 and 30 may possibly be declined under 
humid conditions. 

Also, when the ceramic element 24 is wet at its surface with water, the 
solder- or tin-plating 28 may develop migration of metal, thus short- 
circuiting between the external electrodes 29 and 30. The plating layer 28 
may be oxidized with absorbing water, hence declining its soldering 
performance. 

Summary of the Invention 

A ceramic electronic device and a method of manufacturing the device 
20 are provided. The device has an improved insulating and soldering 
properties thus having an increased operational reliability. 

The ceramic electronic device includes a ceramic element, an external 
electrode provided on the ceramic element, and a protective layer provided 
on the ceramic element. The protective layer is formed through 
25 impregnating and dehydrating condensation of a composition expressed by 
R-C n H 2n -Si-(OR') 3 (where R is epoxy, alkyl, aryl, perfluoroaryl, or mixture of 
them, n is a natural number, and R' is an alkyl group having 1 to 4 carbon 
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atoms, hydrogen, or halogen atom, wherein at least one of R' is hydrogen). 

Brief Description of the Drawings 

Fig. 1 is an external perspective view of a multi-layer ceramic capacitor 
according to Embodiments 1, 2 of the present invention. 

Fig. 2 is a cross sectional view of the multi-layer ceramic capacitor 
according to Embodiments 1, 2. 

Fig. 3 is a schematic view showing a process of manufacturing the 
multi-layer ceramic capacitor according to Embodiments 1, 2. 

Fig. 4 is a cross sectional view of a conventional multi-layer ceramic 
capacitor. 

Detail Description of the Preferred Embodiments 
(Embodiment 1) 

A multi-layer ceramic capacitor, a ceramic electronic device according 
to Embodiment 1, will be described. 

Fig. 1 and Fig. 2 are an external perspective view and a cross sectional 
view of the multi-layer ceramic capacitor, respectively. Fig. 3 is a schematic 
view showing a process of manufacturing the capacitor. 

The multi-layer ceramic capacitor 1 includes a ceramic element 4 and 
external electrodes 9, 10 provided on both sides of the ceramic element 4. 
The ceramic element 4 is formed through sintering alternate layers of 
dielectric ceramic 2 and internal electrodes 3. The electrodes 9, 10 include 
respective external electrode bases 5, 6 connected to the internal electrode 3, 
nickel-plating layers 7 on the external electrode bases 5, and solder- or tin- 
plating layers 8 on the nickel-plating layers 7. The external electrode bases 
5, 6 are made of a specific material such as Ag 
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On the ceramic element 4 and the external electrodes 9 and 10, a 
composition is dehydrated. The composition is expressed by R-C n H 2n -Si- 
(OR') 3 (where R is epoxy, alkyl, aryl, perfLuoroaryl, or mixture of them, n is a 
natural number, and R' is an alkyl group having 1 to 4 carbon atoms, 
5 hydrogen, or halogen atom, wherein at least one of R' is hydrogen.) 

The ceramic element 4 is a sintered dielectric includes a dielectric 
ceramic 2 and a metal oxide produced through baking the dielectric ceramic 
2 at a high temperature. Metallic atoms on the dielectric are turned to 
jf hydroxide under the atmospheric condition. The hydroxide and an organic 

O 10 silicon oxide in the composition of R-C n H 2n -Si-(OR')3 are dehydrated and 
FU condensed, thus providing an (R-), a water repellent protective layer, on the 

y ceramic element 4. This protects the ceramic element 4 from retention of 

so 

s water, thus improving the insulating properties between the two external 

•O 

M- electrodes 9 and 10 and eliminating migration to occur. As a result, the 

M= 15 multi-layer ceramic capacitor 1 has increased operational reliability. 

o 

fy Since also being coated with the water repellent protective layers, the 

external electrodes 9 and 10 has their plated surfaces be protected from 
hostile environmental conditions, i.e., moisture, and be maintaining high 
soldering properties. 

20 A method of manufacturing the multi-layer ceramic capacitor 1 will be 

described. 

First, a pattern of thick paste of such as Pd is printed on the dielectric 
ceramic 2 and dried, thus providing a sheet having the internal electrode 3 
printed thereon. 

25 The sheets are then placed one over the other until being stuck up to a 

desired thickness for providing a predetermined capacitance. A resultant 
multi-layer assembly is pressed with a pressure, thus turning into the 
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ceramic element 4. 

The ceramic element 4 is baked at about 1,300°C, thus having a 
sintered dielectric form. 

The ceramic element 4 is then coated at both sides with patterns of 
thick electrode paste of such as Ag which are electrically connected to their 
corresponding internal electrodes 3. After being baked at a temperature 
from 800°C to 900°C for ten minutes, both the patterns turn to the external 
electrodes 5 and 6. A nickel-plating layer 7 is provided to cover each of the 
external electrodes 5 and 6. Finally, a solder plating layer 8 of such as tin is 
deposited over the nickel-plating layer 7, thus completing the multi-layer 
ceramic capacitor 1. 

In Fig. 3, a vessel 12 is filled with a coating solution 11 containing the 
composition of R-C n H 2n -Si-(OR') 3 (where R is epoxy, alkyl, aryl, perfluoroaryl, 
or mixture of them, n is a natural number, and R' is an alkyl group having 1 
to 4 carbon atoms, hydrogen, or halogen atom, wherein at least one of R' is 
hydrogen). The multi-layer ceramic capacitor 1 is immersed in the coating 
solution 11 for about ten minutes. 

The coating solution 11 may be doped with a diluent of organic solvent 
such as isopropyl alcohol. The weight ratio of the coating solution 11 to the 
mixture of the solution 11 and the diluent, i.e., the dilute concentration, 
ranges from 0.5% to 100%. 

Then, the multi-layer ceramic capacitor 1 is took out of the coating 
solution 11 and dried at a temperature of about 140 to 160°C for about 20 
minutes. 

Organic silicon compound extracted from the coating solution 11 
remaining on the multi-layer ceramic capacitor 1, since being vaporized out, 
does not have to be rinsed off. 
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A temperature/moisture test was performed for 1,000 pieces of the 
multi-layer ceramic capacitors 1 according to Embodiment 1 and 1,000 pieces 
of the conventional multi-layer ceramic capacitors 21. The capacitors were 
exposed to the environment under a temperature of 40°C and a relative 
moisture of 95%, and then, under a temperature of -25°C with direct current 
voltage of 12V applied thereto for one hour as one cycle. The cycle was 
repeated 2,000 times. The insulation resistance was measured before and 
after the temperature/moisture test. Capacitors exhibiting drastically 
lower insulation resistance were classified as defectives. The result is 
shown in Table 1. 

A soldering test was also performed for 100 pieces of the multi-layer 
ceramic capacitors 1 of Embodiment 1 and 100 pieces of the conventional 
multi-layer ceramic capacitors 21. The capacitors were left under a 
temperature of 85°C and relative moisture of 85%RH for 500 hours, and then, 
immersed in a soldering bath at 230°C. External electrodes not properly 
coated with strips of solder were classified as defectives. The result is also 
shown in Table 1. 



(Table 1) 



Capacitor 


Dilute 


Insulation 


Soldering Defective 


Concentration (%) 


Defective Rate (%) 


Rate (%) 


Conventional 


No Coating 


0.3 


10 




0.5 


0.3 


0 


Embodiment 1 


1 

50 


0 
0 


0 
0 




100 


0 


0 



As apparent from Table 1, the multi-layer ceramic capacitor 1 
manufactured according to Embodiment 1 has the water-repellent-protective 
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layer on its surface for inhibiting the retention of water. Accordingly, the 
insulation defective rate of the multi-layer ceramic capacitor 1 measured at 
the temperature/moisture test can be smaller than that of the conventional 
capacitor, and the insulation defective rate measured at the soldering test 
after the stay under humid conditions also is small. 

The coating solution 11 may preferably have not smaller than 1% of 
concentration. 

(Embodiment 2) 

A method of manufacturing a multi-layer ceramic capacitor according 
to Embodiment 2 is substantially identical to that of Embodiment 1 shown in 
Fig. 1 to fig. 3, and will be explained briefly. 

Similar to Embodiment 1, a ceramic element 4 is baked at about 
1,300°C, thus providing a sintered dielectric form. The ceramic element 4 is 
then coated at both sides with patterns of thick electrode paste of such as Ag 
which are electrically connected to their corresponding internal electrodes 3. 
After being baked at a temperature from 800°C to 900°C for ten minutes, 
both the patterns turn to external electrodes 5 and 6. A nickel-plating layer 
7 covers each of the external electrodes 5 and 6. Finally, a solder plating 
layer 8 of such as tin is deposited over the nickel-plating layer 7, thus 
completing the multi-layer ceramic capacitor 1. 

In Fig. 3, a vessel 12 is filled with a coating solution 11 containing a 
composition expressed by R-0-C n H 2n -Si-(OR') 3 (where R is epoxy, alkyl, aryl, 
perfluoroaryl, or mixture of them, n is a natural number, and R' is an alkyl 
group having 1 to 4 carbon atoms, hydrogen, or halogen atom, wherein at 
least one of R' is hydrogen.) The multi-layer ceramic capacitor 1 is then 
immersed in the coating solution 11 for about ten minutes. 
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The coating solution 11 like that of Embodiment 1 may be doped with a 
diluent of organic solvent such as isopropyl alcohol. The weight ratio of the 
coating solution 11 to the mixture of the diluent and the solution 11, i.e., the 
dilute concentration, ranges from 0.5% to 100%. 

Then, the multi-layer ceramic capacitor 1 is took out of the coating 
solution 11 and dried at a temperature of about 140 to 160°C for about 20 
minutes. 

A temperature/moisture test and a moisture test were performed for 
1,000 pieces of the multi-layer ceramic capacitors 1 of Embodiment 2 under 
the same conditions as that of Embodiment 1 in order to examine the 
insulating and soldering properties of the external electrodes 9 and 10. 
Resultant measurements are shown in Table 2. 



(Table 2) 



Capacitor 


Dilute 


Insulation 


Soldering Defective 


Concentration (%) 


Defective Rate (%) 


Rate (%) 




0.5 


0.1 


0 




1 


0 


0 


Embodiment 2 


50 


0 


0 




100 


0 


0 



As apparent from Table 2, the multi-layer ceramic capacitor 1 
manufactured according to Embodiment 2 exhibits reduced declination in 
the insulating properties even in the small concentration of the coating 
solution 11 of 0.5%, and can thus be improved in the operational reliability. 

The multi-layer ceramic capacitor 1 is immersed in the coating solution 
11 under the atmospheric conditions, but may be immersed in the vessel 12 
in vacuum conditions. As the coating solution 11 in vacuum is prevented 
from unwanted impurities, the multi-layer ceramic capacitor 1 is further 
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improved in the operational reliability. 

The ceramic electronic device according to the present invention is not 
limited to a multi-layer ceramic capacitor, but may be any device including 
an exposed ceramic element 4 and an external electrode 9 or 10 provided 
partially on the element. The device according to the present invention like 
Embodiments 1 and 2 can thus be improved in the operational reliability. 



